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TECHNICAL NOTE NO. 1516

A GENERALIZED THEORETICAL AND EXPERIMENTAL INVESTIGATION OF THE
MOTIONS AND HYDRODYNAMIC LOADS EXPERTIENCED BY V-BOTTOM
SEAPLANES DURING STEP-~-LANDING IMPACTS

By BenJamin Milwltzky
SUMMARY

A theoretical investigation 1s made of ths motions and hydrodynamic
loads experienced by V-bottom seaplenss during the course of a step-—
landing impact. In the analysis the primary flow about the immersed
portion of a keeled float or hull is considered to occur In transverse
flow planes and the virtusl-mass concept 1s applled to calculate. the
reaction of the water to th=s motion of the seaplans. The entire
immersion process i1s analyzed from the Instent of Initlal contact
until the seaplane rebounds from the water surface and the conditions
required for impaczt similarity are discusaed.

By treating the variasbles of motion and time as dimensionless
quantities, it is furthsr shown that the variation of these guantities
is governed by a single paramster X, called the approach parameter,
which is a fun>tion of the trim and ths initial flight—path angls only.
Thus, for a glven value of Kk, the respective varistions during an
impact of the nondimensional displacemsnts, velocities, and accelera—
tions may each be represented by a single curve, regardless of what
the seaplans properties, attitude, or initial velocity may bs. Tae
use of dimensionless zoefficients, by thus taking into account such
factors as dead rise, weight, trim angle, andi velocity In accordsnce
with the laws governing the variation of ths motion with these
quantities, permits reduction of all time historles for ths samw
approach paramster to & common basis. As a result, ths numbsr of
solutions reguired to cover ths entire rangs of seaplans and flight
parameters ls greatly decreased. Furthsrmors, the presentation of
both thecretical ani experimental results is simplified ani a basls
is provided for the ready correlation of large guentities of test data
obtainad under diverse coniltions.

Equatlions are presented from which the tims histories of ths motion
and the hydrodynamic loads hzave besn calculated for a wilde range of
conlitions extending from {mpacts along shallow flight paths spproaching
planing to impacts whsre the rssultant velocity is normal to the keel.
Solutions sre also presented for ths state of motion and the times corre-
sponding to ths instants of maximum acceleration, maximwm draft, ani
rebound from ths water surfacs.
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An investigation of the effects of chine immersion on the maximum
acceleration indicates that, for conventional bsam loadings and flight—
path angles, the decrease in load resulting from immersion of the chinss
is either small or entirely negligible. For higher beam loadings, how—
ever, the analysis reveals that appreciable load reductions can be
expected.

The results of the investigation are presented in thes form of dimen—
sionless charts which may be directly used to determine ths water loads ani
the motions of the seaplans at any lnstant during an impact as well as at
the particular instants of maximum acceleration, maximum draft, and
rebound. Extensive expegimental data, obtalned in the Langley impact
besin with floats of 22% , 30°, and 40° angles of dead rise for a wide

range of conditlons, are presented in support of the theoretical results.
INTRODUCTION

In order to provide a more rational foundation upon which to base
water loading requiremsnts for the deslign of seaplanss, an investigation
of avallable hydrodynamic impact theories was undertasken by the National
Advisory Committee for Aeronautics. As a result of-thls study, a critical
survey of previously published works in thes fleld was presented in
reference 1, which showed that the former treatments are of limited
applicability since they are valid only for zero trim impacts for which
the resultant velocity is normal to the keel. The more general equations
obtained by taking into consideration the effects of trim and components
of motion parallel to the keel permit the analysis of practical seaplane
impacts for .the entire range of initial conditions extending from impsacts
along shallow flight paths approesching the planing condition to impacts -
where the resultant motion. is normal to the keel.

In the present paper an analysis 1s made of the motion and hydro—
dynamic loads experienced by a prismatic V—bottom seaplane during step—
landing impacts. From the relationship between the instantaneous hydro-
dynamic force and the displacemsnt, velocity, and acceleration of the
seaplans, the differential equation of motion is written which relates -
these variables at all timss during the impect. The entire immersion
process thus specified 1s analyzed from the lnstant—of Initial contact
until the seaplane rebounds from the water surface and a number of
additional relationships are presented which further describe the motion
during the course of the impact. Since certain svents during the
immersion are of particular Interest, the stats of motion of the seaplane
and the time of occurrence are also 1nvestigated for the instants of
naximum acceleration, maximum draft, and rebouni from the water surface.
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From the equations presented it is .further shown that the motion
and time characteristics of a step impact are completely determined by
a single parameter which depends on the attitude of the seaplane and
the flight—path angle at the instant of initlsl contact with the water
surface. This parameter, which may be considered a coriterion of impact
similarity, permits the formation of nondimensional cosfficients which
greatly condense and simplify the presentation of the significant
impact varisbles.

The theoretical results are compared with extensive erperimental

deta obtained in the Lengley impact basin with floats of 22 , 30°,

and ho angles of dead rise for a wide range of weights, trim angles,
velocities, and flight—path angles.

SYMBOLS

A hydrodynamic aspect ratio
b beam
c wetted semlwidth of cross section
F hydrodynemic force

acceleration due to gravity
h momentum of fluid within flow plane
1 wetted keel length
oy two-dimensional virtual mass
ni, impact load factor, measured normal to water surface (—g—
r rise of disturbed surface above level water surface
8 distence from glven fTlow plane to foremost lmmsrsed statlon

along keel

t tims after contact
v velocity of seaplane
W weight of seaplane

x distance parwallel to water surface
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y draft of keel at step, normal to water surface
z penetration of given station, normal to keel

B angle of dead rise

V4 flight—path angle relative to water surface

o) mass denslty of water

T trim angle

£{B) dead~rise variation

@(A) aspect ratio (end flow) correction

Subscripts:

ch conditions at instant of chine immersion

o initial conditions

P parallel to keel

r resultant

8 conditions at step

Dimensionless Varisbles

Approach paramster

sint
= 515—7; cos (} + 70)

Load—factor coefficient

Wil sin T §082T 1/3

v

Uif( 8Y]%6(A) px
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Draft coefficlient . . .

1/3

[ [z %caren
% = 3w I6 sin T cosaﬁ

Draft coefficlent, at chine immersion

1/3
A)pn
Caop = Csch %[ (B tan 1]}

Time coefficient

2
_ .o lg[eB)] d(a)pxn
Gt = %o W6 gin T cos2r

Vertical-veloclty ratio

3
Yo

ANATYSIS

Basis of Theory

The analysis is based on the concept (refqrence 1) that the primary
flow about an immersing slender shape, such as a keeled seaplane float
or hull, occurs in transverse planes which may be consldered fixed in
space and oriented essentially perpendicular to the keel. Because of
the absence of & satisfactory thres—dimensional theory, it is necessary
t0 treat the motlon of the fluid in each plane as a two—-dimensional
phenomenon independent of the other flow planes. In order to account
for the losses which exist in the three—dimesnsional case, the total
force on the float at any instant, which is obtained by surming up the
reactions of the fluid in the individual flow planes in contact wlth the
float, is reduced by the application of an end flow (aspect retio) type
correction @(A). The effects of buoyancy and viscosity, which in an
jmpact are normally small in comparison with the inertie forces, are
neglected.
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The flow process wlthin a particular flow plane beglins when the
keel of the float penetrates the water surface and enters that plane.
At; 81l times thereafter, the momentum lmparted to the water in the
plane is determined solely by the growth of the float cross—sectlonal
shape intersected by the plane and may be expressed as the product of
the virtual mass assoclated with the immersed cross sectlon and the
velocity of penetration into the plane. In the case of a prismatic
float, the component of motion parallel to the keel, which governs the
nunber of flow planes encountered and thus the distribution of momentum
between the weter directly bensath the float and the downwash behind
the step, has no effect on the momentum content of the fluid within
the planes still in contact with the float. After the step has passed
through a given flow plane, however, the Intersected cross section
coases to exist and the plane becomss part of the downwesh where 1t
remains thereafter, independent of the subsequent progress of the
impact.

The instantaneous reaction of the fluld contalned in a given flow
plane is detsrmined by the rate at which momentum is imparted to the
fluid within the plane. For a prismatic float, therefore, the force
contributed by a particuler flow plane is independent of the component
of velocitiy parallel to the keel and is governed solely by the shape of
the inlersected cross section and the components of veloclty and accel-
eration normal to the keel.

Although the component of velocity parallel to the keel has no
effect on the state of motion of the fluid within the individueal flow
planes scting on a prismatic float, it is nevertheless of great
importiance in determining the total force since it is one of the
fsctors thet govern the degree of immersion of the _Float’ as a whole
end, therefore, the number of flow planes in contact with the seaplane
bottom at any instant. .As a result, the time history of the motion of
the seaplane is greatly influenced by the magnitude of the component
of velocity perallel to the keel and is ‘governed not only by the amount
of momentum transmitted to the water directly in contact with the float
but by the memner in which the momentum lost by the float is distributed
between the virtual mass beneath the keel and the downwash behind the
step.

The anelysis of the impact process 1s therefore seen 1o require
the determination, on a two—dimensional basis, of the viriual mess
assocliated with the immersed cross sections of the float. The insten—
taneous magnitude of the two—dlmensione]l virtual mess assoclated witih
a glven float cross section may be expreseed 1ln terms of the mass of
water contained in a senﬂcylinder of unit length corresponding to ithe
disturbed fluid on one side of an equivalent plate or sllipse in sub—
merged motion. In potential flow, since the virtuel mess of e float
cross section 1le determined by the immersed shape, the dlameter of the
semicylinder is a function of the penetration 2z. For curved or
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irregularly shaped cross sections, the virtusl mess mey be approximeted
by means of Wagner's expending-plate analogy (reference 2). In
referaence 3 the varilation of virtuel mess with penetration calculated
by epplicetion of this thesory was employed in the anslysis of lmpects
of a scalloped-bottom float. In the case of V—shaped cross sectlons,
however, if the chines arse not immersed, the flow patterms at all
degrees of penetration are models of each other and the diameter of
the assoclated semicylinder of water will be directly proportional to
the penetration. The constant of proportionslity is determined by the
dead—rise angle B. The two—dimensicnel virtual mess of any V—shaped
cross sectlon may, therefore, be defined as

m, = [£(2)]% EF22 (1)

where the quentity f£(B)z represents fhe redius of the equivslent
semicylinder of water associated with the immersed shaps.

The correction factor representing the reduction in totel force
due to finite aspect ratico in ths three-dimensional case may, for the
present, be written as @(A).

Since the queantities f(B) and @(A) are constant during an
impact, their numericsl values do not affect the mathematicel derivation
or the general solutions of the equations of motion, which mey therefore
be carried out with the foregoing functional notation. In a subsegquent
section of this paper quantitative expressions for the dead-rise variation
and. the end—flow correction will be presented and discussed in order to
permit direct application of the theoretical resulte to the prediction
of the forcee esnd motions experlenced by any given V—bottom seaplane
during a step impact.

Resolution of the Problem

Ins ous fi tion.~ On the basis of the foregoing
theoretical concepts, the motion of a V-bottom seaplane 1s analyzed for
the step—impact condition. The analysis applies equally to a first
impact or to a subsequent impact occurring after the seaplane has
rebounded from the water surface, provided that the inltlial conditlons
are taken at the beglnning of the impact under consideration. Since
conventional floets and hulle are essentially priematic for an appre-—
ciable distance forward of the step, the snalysis is carried out under
the essumption that ths immersed part of the float has constant cross
section. The trim of the float is assumed to remain constant during
the short duration of the impact.
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Figure 1 1s a schematlc representation of g prismatic float in the
process of immersion at positive trim. The water beneath the float is
considered divided into flow plenes which are fixed in space and .
oriented normal to the keel. A given flow plane is specified by the
distance & from the foremost immersed station along the keel. The
penetration into a fixed flow plane 18 denoted by z. The penetration
of the step 1s designated by the dimension zg, which moves with the

float. The draft y 1is a projection of 25 normal to the water sur—

face and is equal to 2z  coB T.

In accordance with the previous discussion, the momentum imparted
to the fluld in a gliven flow plane is

h =m,z ds
= [#(e) 2 £522% ds (2)

The reaction of the fluid in the plane to the motion of the float is
therefors

aF = [f(]s):'z 923 227 + 2z'z2) ds (3)

The total force on the float, which acts normal to the keel, is
obtained by integrating along the length and applyling the reduction
factor @(A) as a correction for end losses.

Since 2z =8 tan T, the total force on the float at eny instant
is glven by

zg/tan T ' zg/tan T
= [f(B)]2¢(A)—-%£ Z ta.ne'rf 82 ds + 232 ta.n’rf s ds
0 0

or

35
F = [2(6)] %0(n) 525 .,<33 + zs"’ie) (1)
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Equation (4), which corresponds to equation (22) of reference 1,
provides the relationship between the total force on the float and the
instantaneocus state of motion. With Z set equal to zero, this equation
likewise applies to the problem of steady state planing.

Equations of motion during impact.— Treating the seaplane as a
free body and employing equation (4) permit the determination of the
motlion characteristics of the impact by application of Newtont!s second
law. The assumption of constant wing 1lift equal to the weight of the
seaplane results in the equation of motion

3
-2 = [2(6)] *pa) 522 C‘%z + zs"‘i2> (5)

which expresses the general relationship that exists among the variables
at any time during the impact process.

For convenience in comparing the theoretical resulis with experi-
mental data obtained in laboratory testing, equation (5) may be rewritten
in terms of the coordinate system relative to ths water surface. Ths
transformation of equation (5) .requires the application of the respective
relationships between 1zg, z, 2 and y, ¥, ¥. From.figure 1.1t can

be readily seen that the normal velocity component z and the component

parallel to the keel vp are related to the horizontal and vertical

velocity components X and } by the expressions

Ne
|

xs8in T+ y cos T (6)

Xxcos T—ysin T (71

L)
n

Since the resultant acceleration is normal to the keel,

Z = ——— (8)

cog8 T

and there is no longitudinsl acceleration in the direction parallel to
the keel. Thus V. is at all times constant and equal to its initial

P
value at contact:

vV, = ib cos T — 50 sin T

Xcos T —3F sin 7 (9)
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Combining equations (6) and (9) gives

z ='c—o'Z“T'+K (10)
whers
K = Vp tan T
= (5:0 - sro tan -r) sin T (11)

’

Substitution of equations (8) and (10), together with the geometric

relationship zg = 35552 in equation (5) results in thes tranaformed

equation of motion that relates the motion varliablss wlth respect to the
coordinate system relative to the water surface:

W . [f(B)]2¢(A)Oﬂ 3 Dps . 2
—§y=681nT0082T[y’y+3¥ (y_'l'I_{_V_os T)] (12)
or
[1 + (%&)yﬂy + 3(‘%}5):{2(5' +Kcos 7)° =0 (122)
whe re P

[r(8)]%8(8)0n
a = 21-

6 8in T cos

Integration of equatlon (12a) provides the relationship betwson
the draft and vertical velocliy:

. <K cos T K cos T)
' j+K cos T J,+K cos T,
[1 + (ay}——g-)y{'(jr + K cos 7)e .
| | o T —1a0 (13)

yo+£cos1‘

The precedling equations apply throughout the lmpact process,
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From squations (12a) and (13), it can be seen that the motion
experlsnced by the float during an lmpact 1s govermed by the three

constants <%%>, KcosT, and j,. Thus, for given values of these

quantitles, 1dentlcal float motlons will be obtained regardless of the
separate megnitudes of the primary variablss,

The quantlity «, whlch ls determined by the shape of the Immesrsed
volume, 1s a factor such that ay3 represents the Instantaneous three—
dimensional virtual mass associsted with the submerged portion of the
float bottom. The virtual mass is expressed in the form of g half—cone
of water constituting the summation of the two—dimensional semicircular
increments of virtual mass in the individual flow planes and is modified
by the aspect—ratio reduction factor @(A). The magnitude of the

constant (%f) therefore determines the ratio of the virtual mass at

any draft to the mass of the float.

The expression X cos T represents the vertical component of
velocity due to motlon of the float parallel to the keel. Thils compo-—
nent, which 1s constant during an impact, causes the immsrsed float
volume for a glven displacement of the float in the direction perpen—
dicular to the keel to be less than that which would exist In the case
where there is no longitudinal veloclty component. As a result, there
is a smaller virtual mass acting on the -float andi a loss of momentum
to the downwash behind the step. In an lmpact where the resultant
velocity is normal to the keel, since the total momentum lost by the
float 18 contained solsly wlithin the flow planes in contact with the
bottom, the Iinstantaneous velocity at any draft 1s determined by the
ratio of the virtual mass to the float mass., When the path of motion
of the seaplane is inclined to the keel, however, as a result of the
loss of momentum to the downwash, the ratio of the virtual mass to the
float mass is not alone sufficlent to determine the Instantaneous
velocity since, in this case, only part of the momentum lost by the
float is included within the virtual mass beneath the float. Thus, as
previously nobted, although the instantansous hydrodynamic force 1is
determined solely by the penetration of the float and the components
of veloclty and acceleratlon normal to the keel, the time history of the
float motion 18 seen to depend, in addltion, on the manner in which the
momsntum lost by the float is distributed between the virtual mass
beneath the keel and the downwesh resulting from motion of the float
parallel to its axis.

Dimenslonless representation of impact characteristics.— Since
the behavior of the float during an impact is dependent upon a large
number of variables constltuting the float properties, such as welght
and shape, as well as the attltude and state of motion at initial con—
tact, & nondimensional treatment of the motion may be employed in order
to decrease the number of independent variables which must be consldered.
This approach permits the time histories of the seaplane motions and
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loads for different conditions to be reduced to a common basis; thus,

fewer solutlons are required to cover the entire range of seaplane and
flight parameters and the presentation of the theoretlcal and experi-—

mental resulte is simplified. .

By rearrangement of the equations of motlon, dimensionless variables
may be formed which are related at all instants during the impact by a
single parsameter K, which is a function solely of the trim and the
initial flight—path angle relstlve to the water surface. Thus, by
applying equation (12a), the nondimenslonal load—factor coefficient C: .
is shown to be related to the instantaneous vertical-velocity ratio J¥/y,
and the draft coefficlent Cj3 by the expression

RS
@

- 1/3
where |y3<9w£>| is the draft coefficient and the parameter k 1is

K coa 7t
the quantity ———-.
Yo

(1)

The load~factor coefficient may also be written in the following

equivalent forms:
1/3
_ Py Wga
Ci =2 2\ a
Jo

1
- D18 \iJ-6 sin T cosr /3 (15)
Foo \& | [#(e) |3 a)ex

. where the impact load factor i1s defined by niw = -

® K
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and also glves the relationship betwesn the load—factor coefficlient and
the draft coefficient:

| 1 7 (%)1/3 _
n{ l+r N 1/3 f‘
3@ b))
i e \/3
+ log, (1 rxh T%) =0 (19)

335 b -

In the preceding equations

x 2
= -,-9 sinT cosT — 8in T
Yo

The initial horizontal and vertical components of veloclity are related
to the flight-path angle at contact 7, by the expreasion

Yo |
,—°=ta.n7
x o
(]

Therefore

x = cot 7o ain T cos 1T — sina'r

sin
=§-1-ﬁ-—;-';'-;coa (r + 70) (20)

The foregoing squations show that the instantaneous magnitudes of
the nondimensional variables are related to each other at all instants
during the course of an impact by the parameter x which 1e determined
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by the initlal conditions T andi 7,. Since all coefficients at the

sams Iinstant are uniquely releted through &, the simultansous valuss
of the draft coefficient and the loasd—factor coefficient may be calcu—
lgted for each instant throughout the impact by assuming successively

smallsr values of ths vertical-velocity ratio {Zﬂé 1. By this pro—

Jo
cedure the motlon of the seaplane is defined from the instant of initial
contact untlil ths occurrence of the rebound from ths water surface.

For a given value of Kk, thsrefore, the respective varlations
during the impact of the nondimensional draft coédfficient, vertlical—
velocity ratio, and load—factor coefflcilent may each be represented by
a single curve regardless of what the seaplane properties, attitude, or
Initial coniitions may be. Consequently, a single variation of «
exists for each of the dimensionless variables representing the state
of motion and the time at any given stage of the impact. The uss of
dimenslonless coefficients, by thus taking into account such factors as
dead rise, welght, trim angle, and veloclty in accordance with thes laws
governing the varliation of the motion wlth these guantities, psrmits
reduction of all time histories for the same approach pasrameter to a
common basis. As a result, ths number of solutions required to cover
the entire range of seaplane and flight variables 1= greatly decreased.
In addition, the presentation of both thesoretical ani experimental
results is simplified and a basis is provided for the ready correlation
of large quantities of data obtalned under diversse condltions.

A graph of K 1In terms of the trim and initial flight—path angle
is presented in figure 2. TFor research purposes, laboratory tests may
be made at values of xk ranging from zero for impacts where ths
resultant velocity iIs normal to the keel (70 = 90° —T; near—vertical—

drop condition) to values approasching infinity at the planing condition.
In smooth water, v, &and T are referred to thz horizontal plane. As
indicated in reference 3, ths motion of the seaplane in rough water may
be approximated by rotating the axes and taking the initial coniitions
relative to the wave surface. Although statistical data showing ths
frequency of occurrence of the initial conditions encountered in normsl
seaplans operations are, unfortunately, not available, the practical
range of' the approach parameter for conventional seaplanes may be con—
sidered limited to values between 0.2 ani 10.

On the basis of the equations presented in this section, figures 3,
b, and 5 show the calculated varistion of the motion coefficients
throughout the impact for several values of k. Thess curves cover a
greater range of initial conditions than is usually encountered in normal
seaplane opsrations.

As seaplanes become larger and more flexible, the time characteristics

of the motion during landing become of increasing slgnificance in deter—
mining the dynamic response of the structure. Similarly, in experimsntal
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research the design of sultable instrumentation is greatly aided by

knowledge of the time-history characteristics of the quantities to be -
measured. Because of the nature of the equations of motion, a direct

analytical solution in terms of tims has not been obtained. However,

the use of mumerical or graphical methods for jintegrating the relation—

ships between the variables during the impact permits the ready deter-

mination of the time after initial contact at which each set of ths

motion coefficients exists. The time mey be expressed in ths form of

a nondimensional times coefficlent

Cq jo
0
or
/3 )
1 y
Cy = S, 5.
1 1 o)
where )

Cy = t5,0<%‘£)1/3 o

2 1/3
oo (e L5B)]PA(8) pn
RE W-{; gin 7 cos2y (21)

The calculation of the time coefficlient corresponding to the
gimultenecus values of j/}o, Cys and C, which exist at any instant

during the immersion completes the determination of the motlion charac—
teristics of the impact. Figures 6 to 8 show theoretical tims histories
of the motion variables from the instant of initial contact until the
float leaves the water surface, for several values of %K which represent
a wide range of initial conditions.

In applying figures 3 to 8 to particular problems involving inter—
mediate values of K, interpolation of the calculated curves should
Provide sufficient accuracy for practical purposes. The lnterpolation
of the load—factor curves may be facilitated by the construction of a
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Cc >
graph of . Y . against

v  ___t

el C t/
Cngx Tmax t@z ’ (yms.x)
conjunction with curves of C3; and Cy corresponding to the instant
of maxmum acceleration.

to be used in

Laws of varistion.— The preceding anslysis has shown that the
motion and time characteristice of an impact are completely determined
by the approach paramster Kk, which 1s a function of the trim and the
initial flight—path angle. Thus, for a given value of K, since the
instantaneous value of the vertical—velocity ratio :'r/j’o determines

the velues of the ratio of virtual mass to float mess, Cd.3 = (%)y:s,

e 1/3 .
the load—factor coefficlent C; = — —Sx\-——= s and the time

)l/ 3 ¥

Jo
coefficient C, = ts'o(%;s corresponding to the same instant, the

respective variations of the dimensionless motion coefficlents during
the impact may each be represented by a single curve, the shape of

which 18 determined by kK. The quantities (%’5) end §° may be

conslidered to serve as scale factors which permit the reduction of the
variables to a common basis.

For a glven value of k&, therefore, the absolute values of the
load factor (acceleration), draft, and time corresponding to a particular
stage of the impact process (a given value of j/io), such as the
instant of maximm acceleration, maximm draft, rebound, or any other
proportionsl part of the immersion process, are related to the primary
variables by the following simple proportionalities:
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The accelsration corresponding to a given stege of the impact
varies 1n accordsnce with the relationships:

- . 0
Y o« Yo

- @
fe(ey] 2/3
[B(a)] 1/3

« ot/3

Gsin T cosar) —1/3

R

R

R

The vertical velocity at any instant is directly proportional to
the initial verticel velocity.

The draft at any given stage of the impact varies as follows:
5"
g .
« E’(B 3—2/3
« [g(a) /3
o L/3

« (sin T cosar) 1/3

and 1s independent of the magnitude of the initial velocity.



NACA TN No. 1516 19

The time after contact at which a particular phase of the impact
occurs varies in accordance with the relationships:

1

t“—.—

Yo
1/3
[f( B )] -2/3
[gn] /3

o« p-l/3

= (sin T coszr) 1/3

R

R

Since the simltaneous velues of C,;s C3, end Ci, for a given

value of Kk, are determlned by the corresponding Iinstantsneous value
of ¥/3,, 1t is evident from the form of the coefficients that the ratio

of the drafts at which any two events occur during e given impact (for
example, the ratio of the draft at maximum acceleration to the mexdimum
draft) is Independent of the properties of the float and the magnitude
of the inltial velocity and is purely a function of K. In a similar
manner, the ratios of the vertical veloclities, accelerations, and
times corresponding to dlfferent steges of the impact also depend only
on ge.

The application of the foregoling proportionalities permits the
determinstion of simple relationships that show how various combinations
of the instantaneous variables, which may have significance in particular
problems, are affected by variations in the float properties and/or
initial conditions. As has already been seen, the similtaneously existing
velues of the motion and time coefficients are determined by the instant
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considered as well as by the value of & for the impact. For a
glven Instant and a particular valus of ®, the variation of several
such ratios with the other persmeters is given by the following
proportionalities: '

g [t

« 50"’(%5)2/3

« 5, (28)"

d.|ed:

y 5 §°3<%§)2/3
«5,(28)"?

<32 "

< |-

oI

o« &o

o

The ratio y/t is Iindspendent of the floai properties. In a similar
manner, the dependence of any other combinations of the instantaneous
‘variables on the inltial condiiions and float properties may be readily
determined from the form of the coefficients. Ths variation with dead
rise, trim, and fluld density may bs obtained from ths definition of a.

Speciel Conditions

Conditions at maximum accelerztion.— Of primary Iinterest to the
designer are the maximum loads to which the seaplane will be subjected
during a given Impuact and the variation of these locads with the properties
of the seaplane and the flight conditions which may be expected.

Differentliating equation (l2a), which applies at. all inatants
during the impact, and setting the third derivative egual to zero gives
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an equation that relates the iInstantansous loasd—factor coefficlent,
draft coefficlent, and velocity ratio at the time of maximum

acceleration:

P
- 2
Yo

(E51/3

X

A )

(

Yo

P& 91 p - o]

21

(22)

Equating equations (22) end (1k4) results in the relationship

between the velocity ratio and the draft coefficient at maximum

acceleration:
i 3%)
5 6ry (W
()
or
2z
() -
7%— + 6x
Yo

coefficlent may be expressed in terms of the draft coefficlent at the

Instant of maximim acceleration by

v )] - )]

(23)

(23a)

By substitution in equation (22), the meximum load—factor

- ;_E(Gs)

o-

[2- &)k - 2]

(2L)
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or, in terms of the vertlcel-veloclty raetic at the same Instant, by

2 1/3
o LY 7L + 6k
¥ M\/3 T i.\s ¥
o (o] (o] (o] (25)
Foo 08 ¥ ¥
° 3=~ + 2K 2=
Yo o

Combining expressions (16) and (23) results in an equation which
relates the draft coefficient at the instant of maximum acceleration
and the approach parameter «:

y3<%ﬁ>(6n +7) -2 ,;[2 - ﬁ(%&)][l . ,3@5)]
(1 +x) 2—;(3(%5)] . (l+n)[2 -—7y3(%g-]

(26)

The relationship between the vertical—velocity ratio at the instant of
meximum acceleration snd k 1s obtailned by equating equations (16)

and (23a):
o _ (9-.i+6n)(-.j-+»c)
oy | - % Yo Yo (27)
+ K L4 (‘{-_—I+69(l+n)
yo yo

The analytical solution of equation (26) or (27) for y3<°—€I5>

or j/io and substitution in equations (2k) and (25) would provide
the separate relationships between k and the draft -coefficlent,
vertlical—velocity ratlo, and load-—factor coefficlent, respectively, at
the instant of meximum ecceleration. However, although equations (26)
end (27) have not been solved anslyticelly, numerical or graphical
methods may be employed to determine the magnitude of the variables at
the instant of maximum acceleration.
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In figures 9(a), (b), and (c), the calculated values of Cg, ¥/Yos
and C3; at maxlimum accelerstion are plotted against &k for a wide

range of approach conditions. The time coefficlent at maximum

acceleration Cyg, which was calculated. for given va.lues of kK by

integrating the relationship between the varigbles in the manner
previously diacussed is shoyn as g function of K 1n figure 9(d)

Conditions at maximum draft.— Explicit solutions may be obtained
for the maxImum draft goefﬁ;cient and the losd—factor coefficlent at
maximum draft as ﬁmctiong of k. At the instant of maximum draft,

_l = 0. Thqrgfgrq s the application of eq_ua.tion (16)__, glves

Jo

1 1/3

y((%&)l/:i _ 1:& o :l (28)

In eddition to the maximum draft, the maximum wetted keel length may be

determined from equation (28) by means of the substitution 1 = -B—ifT.r—.

o)

obtainsd from equation (18):
1/3 [ ‘12/3
v 1/3 l+n
___5(:_8) - r,nq( ) (L+%) —xe (29)

Figures 9(e) and (¢) present graphs of squations (28) and (29)
showing the vg,.;'j:g,_gqn gf €3 and C,; at maximum draft with =.
Celculated values of the pime coefficient Cy corresponding to maximum

draft are presented in figure 9(d).

Conditions at rebourd.— The impact process is completed when the
float Tinally leaves the water surface and rebounds into the air. At
this instant, y = O and, if the wing 1ift is still assumed to be
constant and equal to the weight, ¥ = 0. Therefore, by applying
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equation (16), the vertical-velocity ratio at rebound can be related
to the approach paramster by the expression

X
X =
: 5o " Tow
-,L+93 =(1 +x)e (30)
Yo

Figure 9(b) presents the variation with & of the vertical—~veloclty
ratio at the instant of rebound, as determined from equation (30). The
corresponding time coefficient is shown in figure 9(d).

Limiting conditions.- Since the approach parameter x may range
between O and o, 1t is desirable to determine the limiting wvalues
between which the coefficients of motion at different stages of the
impact may vary. The condition of k = O 1is obtained when the flight
path at contact 1s normal to the keel of the float. Applying
equations (14) and (16) gives the equations of motion for this case

L 3[”'3(%55]2/3@

— (31)
- 2 u'g
wET®
and
4
53 %) - Jo (32)
A
Yo

Since a.y3 represents the virtual mass, equation (32) shows that
the sum of the instantaneous momentum of the float and the momentum of
the water directly beneath the float (virtual mess) 1s constant through—
out the impact and equal to the initial momentum of the float. Thils
equality of momentum exists only when x 18 equal to zero. Since the
deceleration of the float in this case is in the same direction as the
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resultant velocity, the float continues along its original path of
motlon throughout the impact. Thus, only the flow planes directly
beneath the float will be affected by the immersion and will absordb
all the momsntum lost by the float. For values of Kk other than zero,
this relationship does not apply since part of the momentum lost by
the float will be contained in the fluid left behind as the downwash.

Combining equations (31) and (32) permits the load-factor

coefficient to be wrltten in terms of the vertical-velocity ratio or
the draft coefficient:

. 1/3 . \T/3 :\2/3
i (X = 3(L _X
MRS

ag

T e

The time coefficlent may be directly obtained by integrating
equation (32):

1/3|2
—5’5,;‘2(»,)1/3 ) 3[?(%5) ] (31)

o(@)'” = o5 s + ()] (3

Equation (35) shows that the draft always increases with time.
Thus, while the downward veloclty of the float grows smaller as the
impact progresses, a maximum dreft is never reached. This result is
further evident from the fact that, since the momentum lost by the
float is contalned in the virtual mass alone, an infinite virtual mass
(infinite draft) is required to satisfy the condition of zero vertical
velocity. This result 1s due to the neglect of the buoyant forces
which, because of the large drafts involved, are of greatest importance
at very steep flight—path angles beyond ths range of practical sesplans
landing conditions. . -
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Combining equations (32) and (35) glves the relationship between
the time coefficient and the vertical-—veloclty ratio:

. 1/3 v s,
tyb<%f) = o 1+ % - 2 (36)

For k& = O, equation (23a) permits the ready determination of ths
ratio of the virtual mass to the float mass at the instant of maximum
acceleration )

y3(°'w-§) -£ | (37)

Thus the draft coefficient at meximum acceleration is

1) - () - ome

The vertical-velocity ratio at this instant 1s obtained from
eqguation (32):

X -1 (39)
9

Yo

whereas the load—fector coefficlent is obtained from equation (31):

= 1/3 2/3/\3 :
_jroi"‘ :_g) =3(.?{.) (g) - 0.6123 (10)
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and the time coefficlent from equation (35):

tyo<ag>l/ 3 ( )1/3 (1 + IlE> = 0.7057 (k1)

For k¥ =0, since a maximum draft 1s never reached, there will be
no reversal of the vertical motion and the float will never leave the
water. These results ars peculiar to K =0 for the reasons previously
stated. At all other values of K, hecause of the loss of momentum to
the downwash resulting from inclination of the flight path to the keel,
a maximum draft will be attained and the float will rebound from the
vater surface in a finite time. For steep impacts (small values of k)
the difference in time coefficlent between the occurrence of maximm
acceleration, maximum draft, and rebound wlll be large. Ae the flight
path becomes flatter this difference becomes smaller until, as the
condition of planing (K =w) is approached, there is no difference.
For the latter condition, the motion coefficients approach the
following limiting values:

lim C'L =
K—> o

Un ¥
K—> o YO

Hm C3 - o
K—> o

linm Ct =0
KR—D> o

For planing with only partial wing 1IiIft the relationship among the
varisbles may be calculated by setting the left—hand member of equa—
dion (12) equal to the load on the water and letting ¥y =y = O,

Chine immersion.— The foregoing analysis has assumed that the
width (beam) of the V—shaped float bottom is sufficiently great that
the chines do not become immersed at any time during the impact.
Although this conditlion is generally true for the flight-path angles
encountered in normal operation and the range of Peam loadings employed
in current American seaplene design practice, some montion should be
made of the effects of chine immorsion accompanylng the greater psne—-
tratlions which may be experienced with more heavlily loaded seaplanes
and /or steeper .flight-path angles.




28 . NACA TN No. 1516

From the preceding discussion of the physical concepte upon which
the analysis is based, it can be seen that the force exerted on a given
crogs sectlon of the float by the water may be consldered to result
from two actions; namely, the increase in virtual mass accompanying the
enlarging flow pattern and the reaction to the acceleration of the

virtual mass (ﬁF = (ﬁwi + mwi) dé). In eny given flow plane, since the
penetration of the chines marks the end of the expansion of the wetted
wldth, in the absence of a more rigorous analysis of the flow, further
immersion of the cross section may be assumed to take place with almost
constant virtual mass, which results in a decrease in force from that
which would extst if the V—shape had continued to grow In width. In
the case of the three-dimensional float at positive trim, the reduction
in total force should occur gradually as successive stations along the
ksel, beginning at the step, become 1mmersed beyond the chines during
the later stages of the impact.

The possibility of the occurrence of chine immersion during a
given impact and its approximate effect on the maximm acceleration
may be evaluated from figure L by comparing the value of the draft
coefficlent corresponding to maximum acceleration and the draft coeffi-
clent that would exist at the inatant of chine immersion. If the wetted
width at the step cg 1s taken equal to the width of the effective

plate corresponding to the virtual mass, the relationship between the
wotted semiwldth and the draft is glven by

cg = f'(B)zs

]

(8)y
os T

Q

Thus, the draft coefficient at the instant of chine immersion 1s

, \1/3 cg_. cos T
o724 ch
(w) £(B)

1/3
% A)
csch[%(f é g:n 'r)] _ (42)

I Cdch 1s greater than the draft coefficient at which the maximum

load—factor coefficient occurs, there will not be any decrease in the
maximum load due to chine immersion. However, if cdch 1s less than Cq

cdch



NACA TN No. 1516 : . 29

corresponding to the maximm losd—factor coefficlent, thsn, for
practical purposes, the maximum losd—factor cosfficlent may be con—
sidered limited to the value of C; corresponding to qdch'

Equation (26) permits the determination of ths largest values
of k¥ (flattest impact conditions) et which = reduction in szax due

to the effects of chine immsrsion is encountered; that is, the values
of K required to cause ths chines to becoms immersed, for glven values
of cdch’ at ths same Instant at which the meximum acceleration is

resched vhen there 1s no chine lmmersion. For all smaller values of g
(steeper impacts), the variation of the maeximum load~factor coefficient
with K, &8 modified by chine immsrsion, is determinsd from

equation (19), by letting Cg = Cd,y+ The effect of chine immersion

on C4 is shown in flgure 10 by the broken—line curvee which have

been calculated by the aforementioned procedure for several values
of Cdch corresponding to a wlde range of beam loadings extending from

conventional values to bean loadings considerably higher than those
employed in present—day design practice.

Evalustion of f(B) and @A)

Although addltional reseasrch 1s still required to define completely
the variation of virtusl mass with dead rise In the two—dimsnsional case
and to establish further the losses due to flnite aspect ratio in the
three—dimsnsional case, sufficlent information of both a theorstical
and empirical nature is avallable at present to permlit the application
of the foregoing analysis to V-bottom seaplanes having conventionsl
dead—rise angles. Anslytically, the virtual mass In any flow plane may
be evaluatsd from the results of an iterative solution made by Wagner
to calculate the force on a two—dimensional V-shape of 18° angle of
dead riss, during lmmersion at constant velocity. The results for
18° angle of dead rise were extended to other dead~rise angles by
equation (78) of reference 2, which, in the terminology of the present
paper, may be written as

2
dF = é% - ;) pnzi2 ds (43)

The virtual mass corresponding to equation (43) may be evaluated
by recognizing that, for constant velocity penetration, the force in a
glven flow plane 1s due solely to the increass in virtual msss
accompanying the enlarging flow pattern. For this condition,
equation (3) becomes

dF = [f(ﬁj]epnzie ds | (k)
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From equations (43) and (44) it is easily seen that

£(8) = (5"5—1) (145)
Thus
w - (-0 )

is the two-dimensional virtual maes satisfying Wagner's force solution.

The evaluation of the virtual mass permite the determination of
the rise of the disturbed water surface in the lmmedlate vicinity of-the
geaplane above the level-water surface (at infinity). If the virtual
mass in any flow plane is expressed in terms of the semiclircular mass
of water corresponding to the disturbed fluid on one side of a plate in
© submerged motion

m = Ge°

- [2(s))° 8222

c = £(B)z
where ¢ 1s the radius of the semicircular virtuel mass and 1s equal

to the semiwidth of the plate.

If the wetted width of the V-bottom in any flow plane is assumed
_equal to the width of the equivelent plate, ths equation

§=f(B) tan B — 1 (47)

glves ths geometrical relationship in a flow plane between the rise of
the water surfaceé in contact with the float and the penetration of the
float with respect to the undisturbed water surface.
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Equations (43) to (Lk7) are valid only as long as the immersed
croes sectlion In any flow plane is a V-shape and do not apply after
the chines become immersed. In the case of V—shaped cross sections
with chine flare, equation (L46) holds until the flared portion reaches
the water surface, after which Wagner's expanding-plate analogy
(reference 2) may be applied to determine the equation of the free
surface at the instant of chine immersion and calculate the increase
in virtuel mess with further immersion. An exsmple of the procedure
for determining the variation of the virtual masss of curved cross
sections wlth penetration is given in reference 3 for the case of a
scalloped-bottom float.

An approximate correction for the effects of end flow due to
finite aspect ratio may be obtained from the results.of experiments
conducted by Pabst with vibrating plates in water (reference L4). These
tests showed that the factor representing the reduction in virtual mass
for the three-dimensional case is closely given by the expression

#(a) = 1 -3¢ (18)

where A 18 the aspect ratio of the equivalent vibréting plate.

For V-bottom floats, if it 1s assumed that the end—flow correction
is determined by the shape of the lntersected ares in the plane of the
water surface, then the applicatlion of Pabstls data to the keeled
seaplane results in the expression

g(a) = 1 - F¥AT (49)

Although it is known from unpublished studies of planing data
that the dead—rise and end—flow functions glven by equations (45)
and (49) are questionable for very low angles of dead rise, these
funections have been found to be in rather good agreement with
experimental data obtained in the Langley impact basin with floats

of 22— “and 30° anglesof dead rise (reference 5) as well as with more

recont datae obtained with a float of k0° engle of dead rise. Present
indications lesd to the bellef that the aforemsntioned functions may
niot be too far in error for angles of dead rise =28 low as 15 but
more definite conclusions in this respect must awalt the results of
further investigation. It would appear, then, that the functions f(B)
and ¢(A), as given, should be directly applicable to the range of
angle of dead rise most likely to be encountered in conventional
seaplane practice.



32 : NACA TN No. 1516
APPLICABILITY AND LIMITATIONS

In view of the fact that the present analysls considers a floeat
of constant cross section, there may be some gquestlon regarding the
effects of the pulled-up bow and afterbody in applications to con—
ventional floats. Although the longltudinal warping of the float may
be taken Into account by more complicated equetions, 1t appears that
since conventionsl floats and hulls are essentially prismatic for a
considerable distance forward of the step, the bow will not cause any
important deviation of the loads from those calculated on the basis of
constant cross section for normel impects at positive trim (reference 6).

The afterbody, on the other hand, mey exert a mich more pronounced
influence on the motion of the seaplane, particularly in laboratory
testing where, as is sometimes the case, the trim of the model may be
fixed et very high positive angles. Under such condltions the load is
taken slmost entirely by the afterbody while the forebody mey not
become immersed to any appreciable degree until after the maximum
acceleration has been attained. At the lower trims associated with
gtep impacts, on the other hand, the depth of step, thes keel angle of
the afterbody, and the relatively high longitudinal velocity apparently
combine to shield the afterbody so that it carries very little load in
comparison with the forebody.

In flight impacts, even though the landing approach may be made
et high trim, the initiel contact aft of the step generally results in
a dowvnward pitching of the seaplane to the extent that the mein impact
occurs at reduced trim and corresponds to a forebody impact. The
equations presented may thus be considered to represent approximately
free—flight impacts at high trim if the initlial conditions are taken to
correepond with those at the beginning of the main impact.

As a first approach toward the calculstion of the bshavior of
seaplanes in seaway, the preceding enalysis may be applied to rough
water impects if the initlal conditions are defined relative to the
wave surface, For trochoideal wavee with large length—emplltude ratio,
the wave profile may be simulated by an inclined plane tangent to the
surface at the point of contact, which serves as the effective frame
of reference for the foregoing egquations. These assumptions fail to
consider the internsl orbital velocities and displacements of the fluid
particles within the wave and ers therefors approximate. At best, the
procedure should be applied only to impacts where the float contacts
the wave about halfway between trough and crest for those cases where
the trim is equal to or greater than the slope of the wave. In
reference 3, the spplication of these approximations to several rough-
water impacts of a scalloped-bottom float ylelded calculated results
which were in falrly good agreement with experimental data obtained in
the Langley impact basin.
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COMPARISON OF THECRETICAL RESULTS WITH EXPERIMENTAI DATA

The applicability of the theory to seaplane impacts is illustrated
by comparisons with a large quantity of experimental date which hes
been obtained over a period of time in the Langley impact basin. The
tests included a mich wider range of trim and flight—path angles than
is usually encountered in normal seaplane operations. Although part
of the experimental results has been presented in earlier papers
(references 5 to 10), some of the dats included in the bresent investl—
gation have not been previously availeable. -

A description of the impact basin and its equipment is gliven in
reference 7. The test data were obtained in smooth water at fixed trim
with two float forebody models, M—1 and M—2, which are described in
references 7 and 5. These models, which are of all-metal construction,
have lines generally similar to the hulls of conventional flying boats
except for ghe absence of chine flare. Model M—1 has an angle of desd
rise of 22% at the step, whereas model M2 is of 30° dead rise. More
recent data obtained with a float which has an angle of dead rise
of LO° at the 8tep are also included in the present report. The tests
were run at a number of weights between 1000 and 2700 pounds and
include trim angles ranging from 3° to 15°. The range of flight—path
angles investlgated included virtually all conditions between planing
and vertical drop. Wing lift was simulated by the action of a pneumatic
cylinder and cam device which was designed to apply a constant upward
force to the model equal to the total weight.

During en impact, the motion of the float normal to the water .
surface was determined by independent time—history measurements of the
acceleration, velocity, end draft at the step. Several different

NACA accelerometers were used in the course of the testing. These
ranged in natural frequency from 12.5 to 26 cycles per second. The
velocity and displacement measuremsnts were made by means of variable—
reglstance slide-wires whose response characteristics have not been
completely determined.

Estimates of the precislon of the experimental data are tabulated
in references 5, 7, 8, 9, and 10. On the basis of these values, most
of the baslic measurements are believed to be correct within the
following limits:

Horlzontal velocity, feet per second . . ... . . .
Vertlical velocity, feet per second . . . . . . .
Vertical displacement (draft), feet e e e e

Acceleration, g, percent of reading « e e e .

It should be noted that the accuracies quoted refer to meassurements of
the maximum values attained by the variables during an impact. On the
other hand, measurements of instantaneous values which require the use
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of more than one record trace, such as the acceleration at the instant
of maximum draft, involve additional errors due to instrument lag and
time—correlation difficulties which have not been fully evaluated.

Comparisons between theoretlical and experimental tims hlstories
of the draft, veloclty, and acceleration are presented in figures 6,
T, and 8 for a range of contact conditlons extending from very shallow
flight paths (x = 10) up to extremely steep Tlight paths normal to
the keel (K = 0). A typical seaplane impact in smooth water at, for
instance, 6° trim, vertical velocity of 3 feet per second, and
horizontal velocity of 80 miles per hour would correspond to a value
of ® = 4,05. For a htgh—speed landing at 150 miles per hour, for
example, and the same sinking speed, the flight—path angle is reduced,
glving a valus of Kk of 7.6. A landing into the flank of an oncoming
wave, on the other hand, might correspond to a value of K as low
as 0.2,

Although the dimensionless curves permit the complete determi-
nation of the motion of a seaplens during an impact regardless of the
properties of the seaplane, its attitude, or the stete of motion at
initial contact, some Iinterpretation of the results is desirabls.
For impacts at different values of K, since both the load—factor
coefficient and time coefficient are based on the initisal vertical
velocity, the actual time histories of the load wlll have the sams
relative shapes as the dimensionless curves if the vertical velocity
18 the same for each k. Thus the curves shown in figure 8 may be
interpreted as corresponding to different seaplanes landing with the
same sinking speed but with different resultant velocities and therefors
varylng flight—path angles. For this case the maximum load for the
shallow approaches (high resultant velocities) will be greater than
that for the stesper flight—path angles and will be attained in a
shorter time after contact.

On the other hand, e somewhat different interpretation of the
dimenslionless curves 1s obtained when s particular seaplane landing
over & range of flight-path angles is considered. In this case the
resultant veloclty is more or less constant while the sinking speed,
which depends largely on plloting technique, may be varled to obtain
a range of flight-path angles. As has been previously shown, the
acceleration at any proportional part of the impact cycle varies as
the square of the initial vertical velocity whoreas the corresponding
time is inversely proportional to the vertical velocity. If the
resultant velocity and the trim angle are held constant, steeper Flight
paths are assoclated with the smaller values of ¥, As K Dbecomes
smaller, the resulting Iincrease 1n vertical velocity more than offsets
the corresponding reduction in losd—factor coafficient and increass in
time coefficient. Consequently, the maximum load obtained with constant
resultant velocity and trim will be greater for the steeper approachss
than at the low flight—path angles and will be attained in a shorter
time after contact. As a result, the test data obtalned for the highest
value of k shown in the figures (x = 10.27), which corresponds
to a very shallow impact with low sinking speed, repressnt measured
accelerations of small magnitude in & reglon where the accuracy of the
accelsrometer readings is low.
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It can be seen from figures 6, 7, and 8 that the agreement
between the experimental and calculated time histories is fairly good
throughout almost the entire immersion process. Near the very end of
the impact, however, Just before the float rebounds from the water
surface, there is a deviation which indicates the application of an
external downward force on the float and causes ths rebouni to be
slightly delayed. In figure 7, where this effect is most clearly
visible, the test points corresponding to the instant of rebound have
been differentiated by the addition of a flag (\\). The extraneous
force is apparently contributed by the test equipment and has been
attributed to two factors which take effect after the maximum draft
has been reached and the float has begun its upward travel: namely,
leakage in the pneumatic "1ift" cylinder which balances the weight,
and friction in the dropping mechanism. As a result of the reduction
in hydrodynamic force accompanying the decrease in draft, the effect
of the extraneous force on the motion of the float is proportionately
greatest Jjust before the float leaves the water surface. On the
whole, it may be said that the discrepancies between thsory and test
data evident from the figures are within the limits of the experimental
accuracy provided by the equipment and instrumentation.

Figures 10 to 13 show how the state of motion corresponding to ths
instants of maximm acceleration, maximum draft, and rebound varies
with K. A comparison between the theoretical and experimental times
at which these events occur is given in figure 14. The test data cover
a wide range of welghts, velocities, and flight—path angles. A flesg ()
attached to an experimental point signifies that chine immersion has
occurred previous to the instant represented by the point. Logarithmic
scales have been used in figures 10 to 1L in order to spread out the
test date and emphasize the differences in the states of motion end
times corresponding to the various stages of the impact. The extent
of this expansion of the data can be evaluated by a comparison with
figure 9 which shows the theoretical curves plotted on a linsar scale.

Figure 10 shows the variation of the maximum acceleration (losd),
in nondimensional form, with the approach paramster K and compares
the thgoretica.l results with experimental data obtained with floats
of 22-;-" s 30° , &nd 40° angles of dead rise. The reduced scatter of the
experimental dats for hOo angle of dead rise is due to recent improve—
ments in the instrumentatlion employed in the tests. The solid curve
represents the case in which the beam of thg seaplans is large enough
80 that the chines are not immersed at the instant of maximum accel—
eration. The effect of chine immersion in reducing the maximum
acceleratiorn is shown by the broken—line curves, which have been cal-—

culated by the method previously discussed, for several values of Cdcn

(the draft coefficient at the instant of chine immersion) corresponding
to a wide range of beam loadings. For a given beam loeding, the
intersection of the broken—line curve, corresponding to the proper
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value of cdch’ and the solid curve determines the value of Kk ebove

which there 1s no reduction in load. For values of the beam losding
which have been in the past commonly used in American seaplane design

practice <11L§ < {) and normal flight-path angles, the reduction in
pgb

maximum scceleration due to chine ‘immersion is qulte small.

With higher beam loadings, on the other hand, the theory indicates
that an appreciable reduction in load may be obtained. For a given
seaplane weight, a decrease in beam of k5 percent increases the beam

o]
loading six times. ¥For a seaplane with 22% aengle of dead rise and a
beam loading ——-3 = 6, landing at 6° trim, and 70 =5, kK =1.18

pgb _
and Cg ch = 0.311. As mey be seen from figure 10 for this condition

a 30—percent reduction in load iz indicated. With still higher beam
loadings, even greater reductlons are shown by the curves, Such beam
loadings are concelvable for hydrodynamic l1lifting devices such as long
narrow hydroflaps which might be employed as landing gesr on high-—speed
aircraft., The use of devices of this type in conjunction with high
beam loadings may offer certalin advantages since such applications
would not only permit reduction of the landing loads but would also
allow the loads to be transmitted to the structure at fixed attachment
points with resultant alleviation of the necessity of the entire bottom
structure being heavy enough to resist the high local water loads which
might otherwise occur anywhere on the bottom, as 18 the case with con-—
ventional flying boats. Unfortunately, at the present time sufficient
data are not available to wverify the theoretical results for the very
high beam—loeding condltlons.

For more conventional beam losdings, on ths other hand, a large quan—
tity of experimental data does exist, extending over a range of beam
loading of 2% l to l and including values somewhat greater than those
currently employed. For the great majorlty of the test conditions the
reduction in maximm acceleration, in agreement with the theory, ls
small or entirely absent.

Filgure 11 shows the varlation with k of the load-—factor coefficient
corresponding to-the instant’ of maximum dreft. From the figure 1t is
seen that this quantity 1s always less than the value at maximum
acceleration, which occurs at an earlier time after contact (fig. 1h).
As might reasonably be expected, the difference in the load—factor
coefficient at these two instents 1s greatest at the high flight—path
angles and decreases as the planing condition 1s aspproached. Because
of lag In the slide-wire measurements which were used to determins the
instent of maximmm draft, -the recorded time at which this stage of the
impact occurs ie slightly greater than the actual tims. As a result,
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the accelerations corresponding to the recorded time of meximmm draft
are somewhat lower than the true values. At the low walues of &k the
experimental. accelerations st the Instant of maximum draft are con—
siderably greater than the theoreticel wvgalues as a combined result of
the immersion of the nonprismatic bow section of the float and the
action of the buoyant forces, caused by the large penetrations
assoclated with the high flight—path angles. This effect 18 most
proenounced beyond the range of conditions. applicable to conventional
seaplenes. The importance of the buoyant forces will be discussed
subsequently in more detall.

The vertical velocities at the instants of maximum scceleration
and rebound are presented in figure 12, The positive velocitles
corresponding to the occurrence of maximum acceleration show that the
motion of the seaplsne is still downward at this lnstent and that the
meximim draft has not yet been attalned. At the instant of rebound,
the segplane Is traveling upward, hence the negative veloclties. The
scatter svident in the test data is due to the previously mentioned
lag in the slide—wlre system &8 well as to the difficulties encountered
in correlating the various independent measurements of the motion which
are required to establish the time at which each event occurs.

Figure 13 shows the draft at the Instant of maximum scceleration
in addition to the maximum draft. As might be reasonably expected,
all other conditions being equal, the greater drafts occur at the
higher flight—path angles. Similarly, the difference between the
meximum draft and the dreft at the instent of maximum acceleration is
greatest at the low values of x and decreases as the flight—path
angle is reduced. As indicated by the form of the draft coefficient,
for a given value of g, the absolute draft at any stage of the impact
is independent of the magnitude of the initlal velocity. This fact 1is
borne out by the test date which include an elight—to-one veloclty range.

Figure 1 shows the time corresponding to the Instants of maximum
acceleration, maximum draft, and rebound. Here, again, it is seen
that the maximum acceleration is attained before the maximmm draft is
reached, which in turn, naturally takes place before the seaplane
rebounds from the surface of the water. Imn conformity with the results
shown in the preceding figures, for the same sinking speed, a greater
time 1s required to reach a given stage of the impact process at the
high flight—path angles than for the fleatter—approach conditions. In
2 simllar menner, the differences in time between the occurrence of the
various stages are greatest for the low values of & and become very
small as the planing condition is approached. The experimsntal factors
which cause the recorded time of maximum draft and rebound to be
slightly delayed have been previously enumerated.

An examination of figure 13 reveals thet the maximum draft at low
values of Kk +tends to be slightly less than that specified by the
theory. This result ies apparently due to the combined effects of
immersion of the nonprismatic bow section end the actlion of the buoyant
(gravity) forces which cause the downward motion of the seaplane to be
arrested at an eerlier time. The buoyant forces are, of course,
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larger at the instant of maximum draft than at any other time during
the impact and are of greatest importance at the high flight—path
angles because of the greater drafts reached. In addition, because
the verticel veloclities of a seaplane are subJect to physical and
operational limitations, the resultant velocltlies at the high flight—
path angles are 80 small as to emphasize still further the importance
of the buoyant forces in comperison with the inertia forces for such
approach conditions. As a result, the experimental accelerations at
meximm draft for the high flight—path angles are greater than the
theoreticel values. Furthermore, the effect of buoyancy at the instant
of maximun draft more than overcomes the reduction in force due to
chine immersion, which would otherwise result 1ln slightly greater
drafts than would be experienced if the heam of the seaplane were
great enough to prevent the chines from reaching the water surfece.

For the practical range of flight—path angles applicable to
conventional seaplanes, on the other hand, the sgresment between the
theoretical results and the experimental data indicates that the
buoyant forces are relatively insignificant.

SUMMARY OF RESULTS

Theoretical.— (1) The preceding analysis of the motions and
hydrodynamic loads experienced by a V-bottom seaplane during a step
impact with the water surface has shown that the motlon and tilmse
characteristics of an ifmpact may be represented in generalized form
by means of the following dlmensionless variables:

Load—factor coefficlent

1/3

¢y = niwg/[ 6 sinT cos<r

ioe \g [£(8)] 2#(a)on

Draft coefficient

— [£(e3] 2B(A)on |
a ¥ | 6 sin v cosetJ
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Time coefficlent

g | [£(8]] ¢(A)p

6 sin T coseT

Cy = tho(S

Vertical—velocity ratio

o¥]w.

It is slso shown that the variation of these dimeneionless
quantities during an impact is governed sclely by the megnitude of the
approach parameter

=—————BinT co8 6""7)
gin 7o o

The approach parameter 1is seen to depend only on the trim and the
flight—path angle at the instant of initlael contact with the water
surface and may be considered a criterion of impact similerity. For

a given value of kK, the respective variations of the aforementioned
dimensionless variables may each be represented by a singls curve,
regardless of what the angle of dead rise or welight of the seaplane,
the attitude, flight—path angle, or initial velocity may be. As =a
result, there 1g s single vearletion with Kk of each of the dimension—
less variables representing the state of motion and the time at any
given stage of the impact.

(2) For a given value of K, the draft, load factor, and time
corresponding to a glven stage of the impact (g:[ven value of —-) are

related to the primary variables constituting the float properties,
attitude, and magnitude of the initial veloclty by the followlng

proportionslities:
1
E sinT cos2‘r /3
g | [2(p)] 2B(a)0
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1
.:3_"9_2_5_ [e(e)]2d(a)p
"y " & W |stn 7 coser
L& 1 W sin-rcos
[f(ﬁ):la?f(A)p

(3) A study of the variation of the hydrodynamic loads experienced
during step impacte shows that: _ L

(2) The meximum acceleration always occurs before the meximum
draft is reached.

(v) For a given resultant velocity, if the seaplane properties and
attitude remain the same, the accelerations st the high flight-path
angles are grester than those gt the low flight-path angles and are
attained in e shorter time after contact.

(c) For a glven sinking speed, on the other hand, greater
accelerations are obtained at the low flight—path angles.

(d) The difference between the magnitudes of the maximum load—
factor coefficlent and the load-factor coefficient at the instant of
maximum draft 1s greatest at high flight—path angles end decreases as
the planing condition is approached. .

(4) An enalysis of the variation of the draft during step impacts
shows that:

(a) As indicated by the form of the draft coefficient, the
absolute value of the draft at any given stage of the impact is
independent of the magnitude of the initial velocity.

(b) All other factors being equal; the greatest draftis occur at
the hig@ar flight—-path angles.

(c) The difference between the maximum draft and the draft at the
instant of maximum acceleration is greatest at high flight—path angles
and decreases as the planing condition is approached.
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(5) An investigetion of the time characteristics of step impacts
indicates that:

(2) For & given resultant velocity, if the seaplane properties
and attitude remain the sams, a greater time is required to reach a
glven stage of the impact process at the low flight—path angles than
is required at the high flight—path angles.

(b) For a given sinking speed, on the other hand, the time to reach
a2 given stage of the impact 1s greatest at the high flight—path angles.

(c) The difference in the time coefficients corresponding to the
occurrence of the various stages of the impact (for example, maximum
acceleration, meximum draft, rebound) is greatest at the high flight—
path angles end decreases as the planing condition is approached.

(6) For conventional beam loadings and flight conditions the
reduction in mexdmum acceleration due to chine immersion is either
small or entirely absent. However, for higher beam loadings than
those employed in current design practice, considersble reductions in
load can be expected.

Experimental .— Comparison of the theoretical results with test
data obtalned over a wide range of initial conditions with floats

(o}
of 22% s

300, and 40° angles of dead rise indicates that:

(1) Within the limits of experimgntal error, the theory provides
a good representation of the motion and time variations during the
entire impact process, from initial contact until the instant of
rebound from the water surface.

(2) For conventional beam loadings and flight conditions, the
effects of chine immersion on the maximum acceleration of the seaplsne
are either small or entirely absent. For higher beam loadings and/or
steeper flight—path angles, lmmersion of the chines, in agreemsnt with
the theoretical results, appears to cause appreciable load reductions.

(3) For impacts within the practical range of flight conditions
encountered in normal seaplane operation the effects of buoyancy are
small. At extremely high flight—path angles, on the other hang,
because of the large drafts reached and the fact that the sinking speeds
are subJect to physical and operational limitations, the effect of
buoyancy on the state of motion at the instant of maximum draft is
appreciable. Even for such steep flight paths, however, the buoyant
forces do not become important until after the maximim acceleration
has been attalned.
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CONCLUDING REMARKS

A theoretical investigstlion has been made of the motions and
hydrodynamic impact loads experienced by V-bottom seaplanes for the
step—landing condition. The analysis shows that the motion and time
characteristice of an impact may be represented in gemnersalized form
by means of dimensionless variables respectively designated the load-—
factor coefficient, draft coefficient, vertical—velocity ratio, and
time coefficlent. It is further shown that the varlation of these
dimensionless quantities during the course of an impact is governed
by the magnitude of the approach paramster K which depends only on
the trim and the flight—path angle at the instant of inltial contact
with the water surface and which may be considered a criterion of
impact simllarity. AB a result of this generalilzed treatment the
number of lndependent variables and the number of cases for which
solutliong are requlred are conslderably reduced while the presentation
of theoretical and expsrimental resulis is greatly simplified; thus,
ready correlation of datea for the complete range of seaplane and
flight parsmeters 1s permitted.

The results of the investigation are presented in the form of
dimensionless curves which may bs used tc predict the behavior of
V-bottom seaplanes at all instants during an impact as well as at the
particular instants of maximum acceleration, meximm draft, and
rebound. A comparison of the calculated results with extensive
experimental data obtained at the Langley impact basin wlth floats

o .
which have 22% , 30°, and LO° angles of dead rise indicates that,
2

within the limits of experimental accuracy, the theory provides a good
representation of the seaplane motlion and the hydrodynamlc loads
experienced during the course of a step—landing impact.

Langley Memorial Aeronautical Laborastory
National Advisory Committee for Aeronautics
Langley Field, Va., September 26, 1947



NACA TN No. 1516

10.

REFERENCES

Mayo, Wilbur L.: Analysis and Modification of Theory for Impact
of Seaplsnes on Water. NACA TN No. 1008, 19h5.

Wagner, Herbert: Uber Stoss— und Gleitvorginge an der Oberfliche
von Flussigkeiten. Z.f.a.M.M,, Bi. 12, Heft k4, Aug. 1932,
PP. 193215,

Milwitzky, BenJamin: A Theoretical Imnvestigation of Hydrodynamic
Impact Ioads on Scalloped-Bottom Seaplenss and Comparisons with
Experiment. NACA TN No. 1363, 19h7.

Pabst, Wilhelm: Theory of the Landing Impact of Seaplanes.
NACA T No. 580, 1930.

Miller, Robert W., and Leshnover, Samel: Hydrodynamic Impect
Loads in Smooth Water for a Prismatic Float Having an Angle of
Dead Rise of 30°. NAGCA TN No. 1325, 1947.

Mayo, Wilber L.: Theoretical and Experimental Dynamic I.cads for a
o
Prismatic Float Heving an Angle of Dead Rise of 225 . NACA KB
No. L5F15, 19us5.
Batterson, Sidney A.: The NACA Tmpact Basin and Water Landing

Teste of a Float Model at Various Velocities and Weights.
NACA Rep. No. 795, 19k,

Batterson, Sidney A.: Variation of Hydrodynamic Impact Loads with
Flight—Path Angle for a Prismatic Float at 12° Trim and with a
o
22% Angle of Dead Rise. NACA RB No. IL5K2la, 19%6.

Batterson, Sidney A.: .Variation of Eydrodynamic Impact Loads with
Fligh‘o—Path Angle for a Prismatic Float at 3 Trim and with &

2zl Angle of Dead Rise. NACA RB No. LSA2k, 1945.

Batterson, Sidney A., =and Stewart, Thelma: Variation of Hydro—
dynamic Impact Loads with Fltghb—-Path Angle for a Prismatic

Float at 6° and 9° Trim and a 22-;- Angle of Deed Rise. NACA
RB No. ISK21, 1946,



Veloc: ty components

| 1 ; _
\-
T

Disturbed surface

, Llevel-water surface
+ _____ e e —#— — g /

Section A-A

Figure |~ Schematic representation of impact.

4%

9197 "ON NI VOVN




NACA TN No. 15186 45

10 -,rx_ 23831

gk "_._r'
= Tr
= == & r
..... L
..... SSSINs
2222 EHEEEH H
sHIFNEE

cos (T°+7,)

LO 33

sn T
KA
~

) = sfsrssssasssess g E :
Q = . :
O 3

L

% § i ]
: ‘ e

§\ JO z 3 i -
S s T;" : i i i :”_':f 2ualit

3 - e

;.: a3 éﬁ:"%‘ = =5 23332 :_\ .;—;:;'g;’___ 3
< f 4

NoJj niddizaiaanss ArHHHE HE T H TR HY TR H T

@) 10 20 Jo 40 50 60 70 8O 9o
Initial  flight-path angle, 7, , deg

o

Figure 2. — Variation of approach parameter with #rim

and flight-path angle.



46 NACA TN No. 15186

/.6

7

& &T /%
(v :
Sy \
IS
Xk \C-O
XMoo \
O N
l?’ -8 / \\{
o 6 . / / A
\Qs ’ L \\\ \
§ .
% P 2] ‘\\\\
2
X ) ] _ 5 0
s '2 0 i ‘\
Q / I
o [ ! l

~O -8 =0 -4 -2 o 2 4 6 B LO

- - g
Vertical-relocity ratro, T

(-]

Figure 3. — T heoretical variation of draft with verfical relocify.

Approach pararmeter £ = %}%— cos (T+7.) .

o



¥
/—‘\ L2t
v & 3 i
o=
e 7
é
o5
6
.';“39’

LA A
/£ =mn
e el |

(2 J ' 3 & =) 6 7 ¥oi g LO L 2

: RS
Draft cosffrent, Cy = y(%' [FB)] 9A) o D'S'

L oad factor cosfficient Cp = Mo S(W
Gy
—
\
\‘
N
e

6 SINT Cos* T

Figure 4. —Theoretical variation of load factor with draft.
Apgoreach parameter €= g 7; cos (T+7,) .

9167 "ON NI VOVN

Ly



- 9

5 RN

78’ / \

=y / N

;‘*}as ) / ///—L“\\\ \\

3 / ~ N\

§ - -

NIV EERNN

I T EENY

Y WA AT AN

A AT Y
={0 -8 -6 - =2 O 2 4- .6“::5:% 1O

Vertical - velocity rato,

J
Y

0

Figure 5.— Theoretrcal variation of load factor with
verfical wvelocify. Approach poramefer & = INT_ co5 (T+7,) .

8% *

9TST "ON NI VDOVN



T
N ™~

) N
RN N \\
®
\\‘\" b, ™~ .
(9] 2 P b ol LO 2 i 6 L8 20 28 4 Zé

B d@ PN l)* =

ésnT co.s"rj

/6 '
| | | | 2
':p._\ —— Thsorstical solations Q
———— >
A Experimermtal data R K
&ﬂg’ Condition] o | w | ¢ | a £20 -+ | ' 2
<0 &, deg |22%| 30 | 30 | 223 | =
St 2 [ # b [Hoolrsr]iz3l| 40 - S
=5 ¥, fps 4533|8907 92.61|96.46 L~ .
Q1 T,deg | 3 | 6 /5|2 / -
O L [Tes g [622[2.98257| 773 - 2
— < 43| 2. 00| 485|027 -
\_/l = /
U ) a |e — ]
5 P R Er
iy // ul BVAR
3
L
§
!
R
N
Q

fime coefficrent, Cy=t 90(}%7

Fiqure 6.— Comparison between theoretical and experimental time historres
of draft. Approach paramefer = 90T cos T+7,).

8%



to1 I R N

\ — Thaorstrol solufions
B

Experimenial data
tondition| e [ [ a
2, deqg | 223 30 | 50 |224
W, lb QN i23l | 123! | 1040
th, Tp8 |95 370903 96! | A4S
\e 7, deg g 6 | /& | /2

T, drg |6.23 | 296|297 | i1 d
] z 48, 2.00|4.85 027

H
B

—
: //

—e|
]

/
"

®
.
_\uaéao

Vertical- velocrty ratio, 4

RS R

O # B8 & 6 20 24 28 d2 26 40 44 48 52 56
2 L
Time caefﬁaenf,_Ct-tgo(ﬁ[Ugﬁ)] @A) o D3
: 6 sinT cos=T|,

Figure 1. — Comparrson between theoretical ond experimental fime hisfories
of verfical relocity. Approlach parameter k= ___,7_‘?527; cos (T+74).

08

9TGT 'ON.NI VOVN




=
2N
e r O
(U NY At
Z\:‘S .
‘%S-i A ———Thaoratfrcal solutions
6 Experimental data
& 46 Condifion| o a o a
/\ V|7 o7 [22%[ 50 [F0 | 224
5 W, & Hoo 1231 |12 3] | 1040

Y, 705 |#5.23|B002|92.61| 9646
T,deg | 3 | 6 |75 | 2
%, deg |622 |2.96 |23 | 113

fl © 25 | 200 | 485 1027
3

— ]
—]
>
£y
]
="

Ko

_—
N » 2
T
7

[ oad-factor cosfficient, C ) = "’; 29 <g{

/
RPN ==
o@/ o;\ \\uﬂ—"\?‘;\ g

o .2 4 6 B o 2 K B I8 20 22 2S¢ 26

})? | TG

6 5inT cos*T

Time coefficient, Cy =t y (%{ [FBY D) prr

Figure 8.-— Comparison between theoretical and experimental fime hisforias
of load factor. Approach paramefer £ = JAT cos (T +7a).

OTGT 'ON NI VOVN

TS



52

Draft coefficient,

NACA TN No. 1518

\m
AN 3
ki
Qv
~[9
Ry 2
S| & At max. acceleration
A BN Lo
<§' v 7 ] T ]
|0 , \ Y, /-Af' mayx. drarfft
o /
Sl 4
?‘- ~
KN @) _
© 0 2 4 6 8 10
A pprroach arameter, £ = T cos(T+7
PP P 2uL cos(T+7)
@ Draft-cosfficient.
1.0
'8
At max. acceleration
SYSEL A ma
- -4 -
Q T~
~ \
¥ 2 e L
Ny
~
g 0
R .z
L \ AF rebound
S 4
E . o
IN
N -6
\\
-4 ——
~1.Q
o 2 &4 6 . S 10

Approach parameter, £ = g%’h’)_;; cas (T+7)

|

Figure 9. — Theoretical variation of the motion

(b) Vertical - velocity ratio.

variables with approach parameter.



NAca

(©) Load-facfor aoeff‘/aem“.

reny,
”

A L
T cosZF

[ @y *

Ce=tey (9

Tirve cogtt,
6




54 NACA TN No. 1516

/
3

N T 11T | T 5
8 Q == TFPheworstrcal soluticns »
g . Experimental data P
}\L\? : CRange ’ ) //
§§ - Vr,,,fpodo %deqo A
ox, /oL 70 o /00| To T i & +
§|Q§ Co,, |Ldeg | W, 16 F—

~—_ o |oso8| 3 |/oo 14 -

> 7/7 | & |/0%0 F ¢
> o o RN
3 o> 609 ¢ |/040 o & RN
ghuo A (5471 12 [l040 ; . ,%,

.Si &~ | .527| /2 [//00 : : 1AV

<, S| .389| /2 |[2740 He v

a - 2 B /1 A i
N No chine lmmersion Qm WA /
S ol= [ 2 oy RO
) &= Chwprad < : y e 2 2
or o W i) y D A
= 1 e 4 7 4
g oz - _‘é_ _._: -p, —F 4 - s s
g ___-—-4-——-"‘" | ' - ya ya
h . . //’ IJA ,// //
Y - _ _ 37 L I )
8 ) .3 /-/ /’ ‘/
- 1 7
N /,//' ,/’ /7
Q . LAt T - Ve

N 12T 7 i
S} fO m—

) e <l T

‘Q . 15 A 3
S — n
S =
o 1 —IITH
N 7 -

S
g :
P
I
Of L : — .
.0/ JO 1.0 /0 &0

L= SNT 7
Approach parameter, A cos (7+7,)

@ Fxperimental dota for £=22%7

Figure 10.—— Comparison of rtheorefical and erperimenial variation of
maximum flood-factor coefficient with k, including the effects of chine
Mmerson. . o : _



NACA TN No. 15186

55

~™
2N
| \Q:L _
fv\a,\ 40 i T IT1] T 1
a I =—=Theoretrcal solutions
W Expennmental darfa- p
.SG Range ; v
o ‘\‘-: K"a: Tps| T, deg ; . /
L=, 10 70 100\2 o 70 ]
X[o 10 ' Z
N ZALAZ LA | S —
O 0.786( &6 /1231 YT,
Sk o | 544|715 [1237 d AT 7
S O | 3£ 15 2437 Avs S
s[> : N P / /
X 7 /1 V]
< o A y) /]
It No chine 1mmersion / 9,” el 7 4
3 [Cdch = Cd(”' ]_\ LY s/ //
g nmadl \_| @ Lo VL
~ /.O 1 T o P Vi 7] 7
\) ] — | [ i ) — 4 bl // .
0 —Cleh g e — = Z 7
b——— =T " A/’/ rd y A
\Qs _ 1 _rf______ +1T _ -] A i W
H L5 - - // /’
Q: R N e P = o o 17 g ¥
8 B -3 P % /
N L’/ b 1
=7 P 7/
S LA
N : - :
S e
N ./?- 71
i) >
3 ==
~ e
g =17
§
X
N
X o
Ro/4 JO LO 1o

' r, £=SNT  cos(T+7
Approach parameter, SNT_ < s (7+ 7o)

o

(6) Experimental data for &= 30°

Figure /O.—— Contfinued.



56 NACA TN No. 15186
\h . o
Sy 4 I N
3 < ==Theoretical solutions »
N \é Experimental dara
=~ Range /
SO Wy 103 | o9 y
ox, /0 - [20%90|2 70 23 i
§| Cor,| T2 eg| 1, 1B p. 4 dm—
> o |rso| & 7273 v £ 1
™ 8 . |.805| @ |23 1 ~
N S 72/ | 12 7213 > T
N - v -
R /
'§ 33 " -[ I I ’ I ] ]’ y2 I/ yA
< T MO chine Immer3ion g§§ VYU
- . 4
W [‘dc/; £ Capy, )_J_\ VA A
: W, /
S max 7 v
73 /-O — f 1 T - P [/ yd Vi
8 ] 1 2 y 7 y:
\)’\: -__Cdc,. I, 2L - — - — /. /‘I
« - ——— T i P2 2 J -
N SN M R I P A5 DA
NQ i ] ’y //‘
9 = 7
2 . | P s/
W [ R =T . Py /
Q B Z A7 9
= Wie; — .
8 e et — A
jg B Nz | A [
Q N
3 T
=1 .7
S -
3
§
3
< 0! -
O e 1O 10

Approach paramefer, k= g;/,')) _77’ cos (T+7y)

o

© Experimental data for &= 407
Figure 0. — Concludled. - . '



/o ——— N
[ | ==Theoretrsal SWitints
| Expanmernierd dare
) — Ranga o
N | |[Fdea] 224, 36 1 ,
bk W, 1D 040, 1160,123] 29002431 52 %l
Nu) R | 5 o5 76 to OO %0
% T, g 2,86,9,1215 i
— %, g ! to 70 :
N = Marimum logd- facr [
W o A7 o ararr || o€rTICiEnt |
- G |#rter china wmmerson \5—
o LO i
b, T — =TT
At pir!
'
~ . 2/
‘-1 k| 3 d g
IS ¢—3 -
d s
£ ¢ |d e | ¢ g :
T 0 , ¢
N g —
5 ST ALY
. d Frao Q‘g
N ©
< /
3 A il
8 N-Load- factar coerficient
J at maxunum drary
Of /
Approach parameter, t=d2T cos(r+7,)

e

Figure 1i—~ Comparison between theoretical and experimental variofion of

foad Huctor of maxmum draft wmth approach paramasfsr.

91ST "ON NI VOVN

LG



Figure 12. — Comparison between theoretical and experimental voriation of vertral

Approach paramefer, .= $nT. €05 (7+%)

velocity with approach parameter

Lo g
@ o}
5!
Y Yok 2 ogQ # | g o .
8 9]0} (O 0 % L(é o)
ﬂg‘“‘cr@—__ 1o e
1A mox. deceleration © B T ¢ o a.
® 1 T8 %
] o o)
SLSH 8o o6
¢ A o) o] BN TF
< 8
8 ¢ G '\0 :
2 0 5
b ¥
s
3
‘§ 0 — T T 1T nn
kS 2 1 ol gl 95
o ~. — Thaoratcal sakifions } = o
"E | Expanmental certe At rebound \\ o o
@ - Range S o]
§ \\ Il Gl
4 G, dag] 24, 30 G
W, 15 |00, 00,128 11 : Nci o
By T8 70 7o 100 . £ 8%
—.6 rlm 3,°6,9,12, 15 e uzl_r
%, dég rro 70 | g Bla .
BE '
_ 6 [~} Al mox. acsisratron | [~
- a] AF rabaund 3 )
G o | Affer chine immarsion I~
o T T T TT] | i
el 10 (0 N HAcA

0

8G

9161 "ON N.IL VOVN




b 1O _ et soltiora |
NS : Experimental data
}:Q b kange
|9 B,9eg] 22}, 30 -
3 1\: W, b (1040,/00,1231,2400,2431] 1
mﬁ N ~— Vs 28 /0 #o /100
A N 7,069 3,6, 9,18,i5
E < \\é:fﬁl‘ max.l araff Y, d2q 4o 70
o S | o
= § 0 |Atmax accelerarion
\5;/ o A max,. graff
u ) o o |Affer chimeimmersion
R L0 4 5o A
Q
¥ 7 i g
N Lt mox, acceleration al 7178 o o
‘lg ' B| oF o}l©)
S
N
O
5
N
Q o _
Of 1O 1O /O
Approach parameter, €= 20T cos(7+7,)
PP P ? SN, o

Figure 13— Comparison ketween Theoretical ond experimental varmation
of draff wmith approach parameter.

91617 "ON NI VOVN

8G



80 ’ NACA TN No. 1516

100 —— — T T T T T T T TTT
N\, 4 ——Theoretical solutians |
\\ N - Expenimental  data T
N N . Range L]
L : S deg 22§, 30
N W, 15 |040, /100,123,240, 1237 | 1]
N Vs 10 7o 100 | ]
N \</ir rebound 7, degq | 5,5,9,72,/%
—ley \ . o, deg / Yo 7O L1
NG ) \ )
~ g \& O |AY max. acceleration
&N \ ¢ o At mar. drgf?
Q 8 Qo N . ) At rebound N -
@ (v AN \"ér OO G| After chne inmearsisn | [ -
N'S L < [1]
=% f N MNlg -
8 “ E ~ - 3 E(
2o i EI. 64 om Rl
I ]
O = LS g
33 ). - Rs :
“:’ At max. arafr—" Af o g \%\‘
s
Q o a Eﬁl o4 =z
- 1O ~ - N
'*\ 3 A0 g h<J
< o ] T i
3 % | ‘:é = ' i
= : | XS] Sors
S ML AF max. acdeleration ©
3 &
Q p
O P~
v G
g - .
N |
ACA
0 A _ _ il -
Of Wo; 1o 10
Approach parameter, c = LEL cos(T+7,)

Figure /4.~— Comparrson betweer theoretcal 'c-rnc? exké}/menfa/
variation of tfime with approach parometer:



